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The purpose of this study was to compare the performance and carcass
characteristics of swine of four different phenotypes and three USDA
grades.
Hogs were placed into phenotypic groups of 24 each and penned by
group.
US

These pens were ideal, cutability, light muscled, fat, VS
and US

The hops were fed a 16% corn and soybean meal ration

fortified with appropriate minerals and vitamins.

They were housed in

a total confinement curtain-sided Kentucky plan building with a partially
slatted floor.

The hogs were weighed at 6-week intervals throughout the

project to monitor average daily gain and pen feed efficiency.

Twelve

hogs from each pen were slaughtered at approximately 2(0 pounds and the
remaining twelve pigs at approximately 230 pounds to determine if differences in performance and carcass characteristics remained consistent or
became greater at heavier weights.

Carcass weight, backfat at the tenth

rib and last rib, length and loin eye area were obtained on each carcass.
Data were adjusted to the group means for the heavy and light groups
using least squares analysis.

The mean for the heavy group was 255

pounds and the mean for light group was 229 pounds.
Results of the study showed the ideal pen to have significantly
higher (N:MI) average daily gain than all other pens at 229 pounds and
significantly higher (P<.!;1) average daily gain than the cutability,

rs

and PS

pens at 255 pounds.

vi

The two leanest and heaviest

muscled pens were cutahility and US

1.

These two pens had significantly

(P<.01) lower fat and larger loin eve area than the light muscled. US u3
and fat pens at 229 pounds.

The fat pen had significantly (P.-01)

greater backfat, smaller loin eve area, and lower percent muscle than
all other pens in the heavy group.

The cutability and US

pens had

significantly higher (P<.01) percent mescle than the light muscled,
US i3, and fat pens.

The ideal, US *1, and cutability pens had signi-

ficantly (P<.01) higher lean gain per day on test than all other pens
with the exception of the light muscled pen taken to the heavier slaughter
weight.
The ideal, cutabilitv, and IS 1.fl hogs had the lowest average values
for feed per unit of lean gain.

The fat pen required 2.5 pounds more

feed to produce a pound of loan gain than ideal. cutability or IS .11
pens.

The US :r1 group required 1.50 fewer pounds of feed per pound of

lean growth than US

2 and :3 groups.

These results indicate that the ideal pen was superior in terms of
performance and lean growth.
est and heaviest muscled.

The cutahilitv and IS

pen were the lean-

The fat group was extremely high in backfat,

Ins: in loin eve area and the most inefficient in converting feed into
lean tissue.

Introduction

The evolution of the swine industry in the United States since 1900
has resulted in major changes in swine type.

These changes have been

influenced by increased confinement rearing, consumer demands and trends
associated with the show ring.

The changes have been rapid at times,

primarily due to multiple births and the short generation interval in
pigs.

Body conformation, frame size, foot and leg structure, degrees

of muscling, and degrees of fatness have been the type characteristics
considered important in most eras of swine breeding.
In the 1930's, the "bacon-type" pigs were the selection fad.

These

bacon-type pigs were tall, narrow, shallow and relatively lean, but the
yield of retail cuts from these pigs was quite low.

From 1932 to 1935,

per capita consumption of pork in the U.S. declined from 70.7 pounds
to
48.4 pounds and remained below 60 pounds until 1939
(U.S. Agriculture
Statistics--1987).
The beginning of the second World War made pork production very
important.

The lard rendered from pork fat was not only used for cooking

but also to make an explosive, TNT.

Because of the importance of lard,

the type trend shifted toward very fat or "lard-type"
hogs.

Per capita

consumption of pork in the years of 1943 and 1944 were at an all-time
high of nearly 80 pounds.

However. this trend dropped dramatically to

69.6 pounds in the post-war Year of 19v47.

The primary cause of this

reduction was probably that consumers were becoming more
health-conscious
with a desire to restrict the amount of tat in their diets.
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Swine

producers were faced with a serious problem and had to find a way to
quickly improve the leanness and muscularity of their hogs.
In 1947 the first National Barrow Show was held in Austin, Minnesota.
This show was unique in that it was an on-foot barrow show combined with
a carcass contest.

Swine producers were given the opportunity to see

hogs live and then received the carcass data on these hogs.

This show

allowed producers to associate the phenotype of hogs with carcass cutabilitv and gave birth to many on-foot and carcass shows throughout the
country.

The educational aspect of these shows helped to bring carcass

cutability to the forefront.

From this period on up to the late 1960's,

swine producers practiced almost single trait selection for carcass
muscling.

The intense selection for muscling may have caused serious

problems.

In the late 1960's pale, soft and exudative (PSF) pork carcasses

were associated with the porcine stress syndrome.

PSE pork is light

colored, coarse textured, and loses a great deal of water during processing.

As a result, PSF carcasses experience a great deal of cooler

shrink and lose water soluble vitamins and amino acids because of its
poor water binding capacity.

It was believed by many that the extremely

heavy muscled hogs were more susceptible to porcine stress syndrome.
Pork consumption nationwide reflected the PSF problem as consumption
declined from 67 pounds per capita in 1959 to 58 pounds in 1965 and 1966.
From the late 1960's up to the early 1980's, less emphasis had been
placed on carcass muscling.

This was largely due to the problems asso-

ciated with porcine stress syndrome.

Show ring judges first stressed

extremely large framed hogs in order to stretch the carcass muscle over
a larger skeleton.

After it was found that these longer, taller hogs

did not grow well in confinement, more emphasis was placed on faster

growing, easier-to-maintain types of hog.

From 1980 to 1985, show ring

judges and elite purebred breeders stressed hogs that were thick, deep
bodied, and heavy boned.

Little or no emphasis was placed on muscling.

Thirdly, from 1975 to 1985 commercial producers stressed the trait they
considered most important, pigs per sow per year.

The major reasons for

the emphasis placed on sow productivity related to the expensive confinement facilities which had been built.

The buildings needed to be kept at

capacity with as few sows as possible.

Since the selling price of market

hogs was primarily based upon live weight, with little or no emphasis on
carcass cutability, it is easy to see why commercial swine producers and
purebred breeders alike emphasized sow productivity and growth rate in
their selection programs.

With very little emphasis placed on leanness

and muscling, pork carcasses were becoming fatter again and pork retail
cuts were either fatter or required extra trim of excess fat.

A more

health conscious consuming public, aware of the amount of dietary fat
and cholesterol, began to turn away from pork.

As a result, pork con-

sumption dropped from 73 pounds in 1980 to 62 pounds in 1986.

In 1985,

swine producers began to realize that in order to meet consumer demand,
they must produce leaner and heavier muscled hogs.

While raising leaner

and heavier muscled hogs, producers also had a desire to produce the type
of hogs which perform well under rigid confinement conditions.
The purpose of this study was to provide information to aid swine
producers in determining the most desirable type characteristics of
feeder pigs and market hogs.

By identifying the phenotypes of hogs which

grow fast and efficiently and have desirable carcass cutabilitv, this
experiment may provide valuable information to hog producers.

Perhaps

the most valuable information would he to identify the phenotypes of hogs
that are the most inefficient in converting feed into lean growth.

Review of Literature

Average Daily Cain.

Average daily gain is important because of it's

reasonably high heritability and its desirable relationship with feed
efficiency.

Cuthbertson and Pease (1981) evaluated the interrelation-

ship of various measurements from a sample of 1042 pigs selected at random
from those finishing progeny test during 1961 and 1962.

The results of

their study showed a desirable correlation of -.66 between daily gain
and food conversion, which is in agreement with Biswas (1966) (-.11),
Robison and Berruecos (1973) (-.41).

Bereskin and Davey (1976), in a

study involving Duroc and Yorkshire barrows and gilts fed two different
protein levels and found a positive correlation (.53) between average
daily gain and feed efficiency.

Feed efficiency was expressed as gross

weight pain divided by gross weight feed consumed.
The relationship of average daily gain to carcass traits has been
studied and the results have been variable.

Roy et al. (1968), estimated

genetic correlations among carcass and performance traits and found that
daily gain was positively correlated (.24) with carcass backfat.
result is in general agreement with Biswas (1966) (.53).

This

Bereskin and

Davey (1976), however, found a nonsignificant correlation of backfat
with average daily gain.

This is in agreement with Rahnefeld (1983)

(.02) who measured genetic and phenotypic correlations of carcass traits
for hogs which were selected strictly for post-weaning growth.

Genetic

and phenotypic correlations for area of longissimus dorsi and average
daily gain were .03 and .06, respectively.

This is in general agreement

with Roy et al. (1968) who found a correlation of .17 between daily gain
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and loin eve area.

Bereskin and Davey (1976), found a negative correla-

tion (-.31) between loin eye area and average dail7. gain.

Krehbial et al.

(1971) studied the effects of performance on two distinct lines of
Montana Number l's.

One line was selected for an index of postweaning

growth and backfat while the other line served as a control.

The results

of this study showed the select line to exceed (P<.01) control for postweaning growth and an index of postweaning growth and backfat.

These

data are in agreement with Ahlschwedeand Johnson (1983.)
Backfat.

Carcass backfat depth has been showii to be a valuable

indicator of the amount of total fat in the carcass.

Fahey et al. (1970),

found the best combination of carcass traits for predicting composition
included fat depth measured 3/4 the distance from the medial side of the
longissimus dorsi and tenth rib loin eve area.

These results are in

agreement with Edwards et al. (1980), who found that the best two variable
equation for predicting pounds of lean was 3/4 fat depth at the tenth
rib and loin eve area (R =.89).

Carcass backfat was an excellent indicator

of carcass composition in studies conducted by Adams et al. (1972),
Cross et al. (1970). Pearson
(1973).

et

al. (1970), and Smith and Carpenter

Doornenbal et al. (1962), found the average of the first rib,

last rib, and last lumbar vertebrae fat depths showed a correlation of
.69 with percentage carcass fat.

Diestro and kenpster (1985), obtained

data from 1002 pigs to determine the precision of different measurements
for predicting lean concentration in the carcass.

Their data indicated

that last-rib fat thickness, measured 65 mm from the midline, was the
best predictor of lean concentration.

Fredeen et al. 11964), found a

phenotypic correlations of total backfat and percent lean cuts to be
-.69.

Fredeen and Mikami (1986), used 3 selected lines in their study.

These lines consisted of a growth line, a low backfat line, and an
index line which combined growth and backfat.

The largest changes wore

in the backfat and index lines, both of which deviated from control by
5% in predicted lean content (P<.01 ) of the carcass.

Backfat and index

lines deviated from control by -21% and -25% respectively.

in addition,

phenotypic correlations between average daily gain and percent ham of
the carcass, proportion of lean in the ham face and predicted trimmed
yield of the carcass were -.09, -.05 and -.23 respectively.

Ahlschwede

and Johnson (1983), found that after five generations of selection for
an index of growth and backfat that the select line had a decrease of .2
inches of backfat as compared to control.

In addition, the select line

had an increase of .15 pounds per day in growth over control and also
showed an advantage in feed required per pound of lean produced of 20%.
Bereskin and Davey (1976), found correlations between backfat and average
daily gain near zero, which was consistent with Rahnefeld (1983) (.02).
However, Biswas (1966) and Roy et al. (1968), found correlations of
average daily gain to backfat thickness of .11 and .17 respectively.
Hetzer and Harvey (1967), performed a study with high and low fat
lines of hogs over 10 generations.
being Duroc and Yorkshire.

Two breeds of hogs were used, those

The high and low fat Duroc lines differed

by 2.6 cm or 68% of the initial mean while Yorkshire lines differed by
1.4 cm or 44%.

These two studies are in agreement with Gray et al.

(1968), who practiced mass selection for increased leanness in swine
over five generations.

The data obtained showed that mass selection for

increased leanness resulted in approximately a 2(
thickness over five generations.

decrease in backfat

Arganosa et al. (1969), calculated

genetic correlations between hackfat and certain carcass measurements.
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These genetic correlations showed that selection for less backfat would
increase lean cuts without significant effects on loin eye area.

Backfat

had significant (P<.01) phenotvpic correlations with yield of lean cuts.
Quiiandria et al. (1970), and DeNise et al. (1983), found similar results
involving selection of increased leanness and the response of decreased
backfat.

In order to provide a guideline of normal fattening rate, the

National Swine Improvement Federation (NSIF) recommends a .004 inch per
pound adjustment factor for backfat.
Loin Eve Area.

Loin eye area is used in pork carcass evaluation

because of its association with total carcass lean tissue.

Topel et al.

(1965), studied the relationship of whole muscle weights and various
muscle areas to total carcass muscling.

Their results showed the

longissimus dorsi muscle area was highly correlated (.70) to total lean
cut weight.

Area of the longissimus dorsi at both the tenth and the last

rib locations were significantly (P<.01) correlated with weight or volume
of muscle.

They concluded that the longissimus dorsi area was a reliable

measure of lean cuts.

Doornenbal et al. (1962), reported that of the

different muscle cross sectional areas studied, loin eye area at the
tenth rib and the face of the ham appeared to be most accurate in predicting
the proportions of fat and lean in the carcass.

Hamface had correlations

of .87 and -.96 with carcass protein and fat, respectively: while loin
eye area was positively correlated (.88) with protein and negatively
correlated (-.96) with fat.

These observations are in agreement with

Adams et al. (1972), Bereskin and Davey (1976), Bowman et al. (1962).
Cuthbertson and Pease (1968), Edwards et al. (1980), Fahey et al. (1977),
and Pearson et al. (1970).
Similar to carcass backfat, loin eve area is a highly heritable,
trait.

Selection for larger loin eye area's can lead to fast genetic
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progress.

Arganosa et al. (1969), lahmy and Bernard (1970), and Jensen

et al. (1967) calculated heritability estimates ranging from .40 to .48.
Powell and Aberle (1975), performed a study involving the growth
of skeletal muscle in hogs of different muscularity.
selected to be heavy muscled or light muscled.

Hogs were visually

These hogs were also

selected on the basis of ancestor's carcass data.

Hogs selected to be

heavier muscled had higher muscle scores (P<.01) between 145 and 210 days
of age and appeared to be leaner and trimmer.

Heavier muscled pigs were

also leaner and had larger longissimus dorsi muscle area at 210 days of
age as compared to lighter muscled pigs.

Kauffman et al. (1973),

performed a similar study on the influence of live-animal and carcass
shape on carcass composition.

Kauffman observed that non-muscular animals

were considerably fatter than anticipated at the time of selection.

Non

muscular animals had more ether extract lipids (37.4% vs. 26.9%) (P .01)
and less fat-free muscle (47% vs. 57.9%) (P<.01) than muscular animals.
Muscular animals possessed 2% more fat-free muscle and one unit higher
muscle to hone ratio when compared to non-muscular animals.

A study

perforinedbyFahmy and Bernard (1970), indicated a very desirable correlation (-.57) between feed utilization and loin eye area.
et al. (1983), practiced selection for two distinct lines.

DeNise
One line was

selected for percentage of lean cuts (PCLC) and the other line was
selected for lean gain (LG).

The data obtained showed loin eye area

increased (P<.01) by .48+ .11 cm /generation over control in the PCLC
line.

In the LG line, longissimus dorsi increased (P<.01) by .04+

.01 cm- generation over control.

In Fredeen and Mikami's 1986 study,

low backfat and index lines showed increases in proportion of ham (P‹.05)
and lonLissimus dorsi muscle area.

Phenotypic correlations between

average daily gain and area of the longissimus dorsi muscle was

-.07.

(1

This is consistent with foreskin and 1)avev (197(

-.31).

Roy et al.

(1968), found a positive correlation (.17) between average daily gain
and loin eye area.

Similarly, Rahnefeld (1983) found a correlation of

0.06 between average daily gain and loin eye area.
Another interesting aspect of loin eve area growth is it's relationship to total body growth and development.

Several studies have been

conducted on swine growth and development patterns with an emphasis on
changes in carcass characteristics.

Richmond and Berg (1971) collected

data from 73 pigs in an experiment which involved 144 hogs.

These were

slaughtered at three different weights to determine carcass composition
at differing stages of growth.

The weights at which hogs were slaughtered

were 68, 91, and 114 kg live weight.
drawn.

The following conclusions were

A normal pattern of growth was shown to occur with bone growth

being slow and muscle growth being relatively fast up to 68 kg.

From 23

to 68 kg feed per unit of gain increased from .89 to 3.01 and from 3.06
to 3.38 between 91 and 114 kg.

From 68 to 91 kg, fat deposition and

muscle growth paralleled each other.
fat deposition exceeded muscle growth.

As weight increased past 91 kg
This is in agreement with Elson

et al. (1963) who studied the effects of age on muscle development of
32 pigs.

From the data obtained, 3 periods of growth became apparent.

(1) A period of rapid muscle growth extending from birth to 80 days.
(2) The period of transition. 80 to 120 days and muscle growth decreasing,
fat growth increasing.

(3) The fattening period. 120 days to maturity.

Fat increases at an increasing rate, muscle increases but at much slower
rate.

These two studies are in agreement with Carr et al. (1978), who

found that loin eye areas increased with increased weight but the rate
of increase generally declines at heavier weights.

Neolv et al. (1979),
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found that as slaughter weight increases so did carcass backfat and
longissimus muscle area.

These data indicate that muscle growth is rapid

in the early development of swine.
fat deposition begins to take place.

Following this rapid muscle growth,
As weight continues to increase,

fat deposition increases in a rapid manner while muscle growth continues
but at a much slower rate.

In order to provide a guideline for normal

loin eye area growth, the National Swine Improvement Federation (NSIF)
recommends a .013 square inch per pound adjustment factor for loin eye
area.
Lean Growth.
lean growth.

A new concept of expressing individual performance is

Lean growth combines carcass and performance characteristics.

Many swine barrow shows rank the individuals on lean gain per day.

The

reason for this is producers are beginning to believe it is not only
important for hogs to grow fast but stay lean.
Ahlschwede and Johnson (1983), performed a study of selection over
five generations.
backfat.

This selection was based on an index of growth and

Results of this study showed an advantage of 0.2 inches less

backfat and .15 pounds per day increase in growth rate of the select line
over control.

When feed efficiency was expressed as feed required per

pound of lean produced, the select line had an advantage of nearly 20%.
Bereskin and Davey (1976), found that lines selected for low fatness had
a higher efficiency of lean gain than those selected for high fatness.

Materials and Methods
Source of data.

This study

as funded by a 52,500 grant from the

Kentucky Pork Producer's Association and was conducted in conjunction
with the Wayne County Performance-Tested Market Hog Contest.

The perfor-

mance and carcass data in this study were obtained from 100 barrows and
68 gilts selected from the Lake Cumberland Feeder Pig Show and the Wayne
County Feeder Pig Sale.

The primary objective of the Lake Cumberland

Feeder Pig Show and the subsequent Wayne County Performance-Tested
Market Hog Carcass Contest is to provide producers the opportunity to
compare the performance and carcass characteristics of their pigs with
those shown by other producers.
Testing procedure.
pens.

The pigs in this study were placed into seven

These seven pens consisted of four different phenotypes and three

USDA grades.

A description of each pen is as follows:

Pen 1 - The most

distinguishing characteristic of this group was that these pigs were
correct in their skeletal structure.

Pigs in this treatment were level

topped, loose structured and sound on their feet and legs.

In addition

these pigs were wide chested, deep ribbed, big volume pigs that were
naturally thick throughout.
muscling.

Emphasis was also placed on leanness and

This pen consisted of 12 barrows and 12 gilts selected from

the Lake Cumberland Feeder Pig Show: Pen 2 - This pen was selected to
be superior for carcass cutability.
trim at the time of selection.

These pigs appeared very lean and

These pigs were clean jowled, lean topped

and showed evidence of shoulder blade movement when walking.
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Furthermore.
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those pigs were thick rumped, thick hammed, and showed excellent muscling
in their tops.

However, many of these pigs were stiff and restricted in

their movement and had high arched backs.
shallow, narrow chested and flat ribbed.

Many of these pigs were also
This pen also was selected

from the Lake Cumberland Feeder Pip Show and consisted of 12 barrows
and 12 gilts.

Pen 3 - This pen consisted of pigs selected for a lack of

evidence of muscling.
within this pen.

Body capacity and structural correctness varied

However, all these pigs were flat rumped, flat hammed,

and showed little visual indication of muscle expression in their tops.
This pen consisted of 16 barrows and eight gilts.

Pen 4 - This treatment

consisted of hogs selected for extreme fatness.

These pigs were all

deep bodied with a large amount of body volume.

Structural soundness

varied among the pigs in this treatment.

All pigs in this treatment

visually appeared to have little muscle expression through their tops
and rumps.

While walking, these pigs exhibited little shoulder blade

movement, were loose skinned, loose jowled and appeared to have a high
amount of fat covering their tops.
three gilts.

This treatment had 21 barrows and

Pen 5 - These pigs were graded USDA ;'l by the USDA grader

at the Wayne County Feeder Pig Sale.

Pigs in this treatment were

structurally sound, heavily muscled, and extremely lean when graded.
This pen consisted of 14 harrows and ten gilts.

Pen 6 - This pen consisted

of pigs assigned the US t2 grade by the feeder pig grader.

These pigs

varied in phenotypic characteristics, but were generally below average
in musclirg.

This pen consisted of 11 barrows and 13 gilts.

pigs were assigned the
sale barn.

I'S

Pen 7 - These

grade by the USDA grader at the Wayne County

These pigs appeared less thrifty than other groups, and they

were generally narrow and light muscled.
gilts in this group.

There were 14 barrows and nine
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The barrows and gilts were primarily crossbreds, but there were a
few purebred Hampshire and Yorkshire pigs in the ideal and cutability
groups. The growth data were obtained during a 141 -day testing period
from October, 1987, to March, 1 988.

These hogs were housed in a Kentucky

plan open-sided building with pens which were eight feet x 25 feet.

Of

the 25 feet, 15 feet was solid concrete flooring while the remaining
ten feet was slatted.

Each side of the building had a curtain which

could be raised or lowered to allow the proper amount of natural
ventilation.

These pigs were fed a 161 corn and soy ration with fresh

water available throughout the testing period.
Each group was weighed "on-test" as a group, therefore, all initial
weights were average weights.

The barrows and gilts were weighed at

three different periods during the testing phase and average daily gain
and pen feed efficiency were calculated for each period.
These groups of hogs were taken off-test with the median weight
being 245 pounds.

Faster gaining hogs were taken off test at an average

weight of 255 pounds while slower gaining hogs were taken off-test at
an average weight of 229 pounds.
These hogs then were slaughtered at Fischer Packing Company in
Louisville, Kentucky, where the hot carcass weights were obtained.

At

this point, carcass length, last rib tat thickness, tenth rib fat thickness and loin eye area were measured.
the first rib to the aith bone.

Carcass length was measured from

Last rib fat thickness was measured

along the midline at the last rib of the carcass.

Tenth rib fat was

measured at an area 3/4 the distance from the backbone to the edge of
the longissimus dorsi muscle.

Loin eve area was measured by using a

grid to determine the area of the longissimus dorsi muscle between the
tenth and eleventh ribs.

Upon collection of the performance and carcass

data on all pigs in the project. the following calculations were made:
Pounds of acceptable quality lean pork = 81.4 + .06 x adjusted hot
carcass wt. (lb.) + 1.0 x LEA (in.-) - 14.9 x 10th rib fat depth (in.).
Lean pork gain/day on test = .9 - (.0044 x initial live wt. on test,
lb.) - (.007 x days on test) - (.15 x fat depth, in.
.

?

+ (.0047 x hot carcass wt., lb.).

+ (.018 x LEA,

These equations were obtained

from Procedures to Fvaluate Yarket Hogs, 2nd Edition, National Pork
Producers Council.

By multiplying the average lean gain per pig on test

by 24 and dividing that product into the total amount of feed consumed
by each pen, pounds of feed per pound of lean tissue was obtained.
Statistical Procedures.

At the beginning of this study a goal was

set to slaughter the 12 heaviest hogs in each pen at 260 pounds and the
12 lightest at 230 pounds to determine if differences in performance and
carcass characteristics were similar among pens at different slaughter
weights.

Prior to the least squares analysis of variance, the four

hogs which were considered to be the most atypical of each pen were
removed.

Following the acquisition of performance and carcass data, all

data were adjusted to the mean of the 70 heaviest hogs and the 70 lightest
hogs by a least squares adjustment procedure.

The mean of the heavy hogs

was 255 pounds and the mean of the light hogs was 229 pounds.

Following

the adjustment of performance and carcass data a least squares analysis
of variance was used to compare all traits in the study.

Duncan's

!
,tultiple Range was used to determine significant differences between pen
means for all traits studied.

This was true of all traits with the

exception of feed per unit of gain (F/G) and feed per unit of lean gain
(F/1G).

These data were raw, unadjusted averages for each pen.

Since

there was only the moan value for each of the seven pens, no statistical
analyses were performed for F/G or F/LG.

Results and Discussion

Analysis of Variance
The least squares analysis of variance of performance and carcass
traits for type is shown in Table 1.

In the pigs slaughtered at 255

pounds (heavy), there was a significant (P<.05) type effect on all traits
except carcass length and carcass weight.

In the pigs slaughtered at a

229-pGund average weight (light), there was a significant (P<.05) type
effect on all traits except loin eye area which approached significance
(P=.0508).

Interestingly, the F values for backfat and loin eye area

measurements appear to he greater in the heavy group while the F value for
average daily gain is greater in the light group.

F values and the

significance of those F values are very similar for percent muscle and
lean gain per day on test between the two groups.

Average Daily Gain
The least squares means and standard errors for average daily gain
are found in Tables 2 and 3.

In the light group, the ideal pen had

significantly (P<.01) higher average daily gains than all other pens in
the project.

This is in agreement with Krehbial et al. (1971) and

Ahlschwede and Johnson (1983).

In both these studies, select lines

exceeded control for average daily gain.

If a comparison is made of the

ideal and cutahilitv pens, for both weight groups, the ideal pen grew
faster (P<.01).

This is of particular importance to producers since

market hogs are sold only on a per pound basis for live weight with
little or no premium awarded for superior carcass cutahilitv.

I r)
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Table 1.

Analysis of Variance of Performance and Carcass Traits for
Type.

Light

Heavy

Source
Carcass
Weight

df
6

Carcass
Length

F

Probability
of F

df

F

Probability
of F

1.37

.7394

6

7.83

.0001

.84

.5406

6

14.71

.0001

Last Rib
Fat

6

3.42

.0055

6

2.11

.0045

Tenth Rib
Fat

6

6.99

.0001

6

4.20

.0013

Loin Eve
Area

6

10.44

.0001

6

2.24

.0508

Average
Daily Gain

6

2.30

.0458

6

5.18

.0002

Percent
Muscle

6

9.74

.0001

6

11.24

.0001

Lean Gain
Per Day

6

7.04

.0001

6

9.08

.0001

17

Although the ideal pen was fatter than the cutabilitv pen, their
superiority in growth rate would be more desirable with the current
system of selling market hogs.

It is worth noting that the major differ-

ence between these two pens was feet and leg soundness and body capacity.
These two phenotypic traits appear to be of major importance with reference
to growth rate.

Backfat
The least squares means and standard errors for last and tenth rib
fat thickness are found in Tables 2 and 3.

For both slaughter weights,

the cutability and US :1 pens appear to be superior !,A• le,nness.
In the light group, the cutabilitv and US

l pens had significantly

(P <.01) lower tenth rib fat than all pens except

IS

n2 and in the heavy

group the curability pen had lower tenth rib fat than all pens except
the US :I pen.

In the heavy group, the tenth rib fat was highest (1'<.01)

for the fat pen (P‹.01).

Also. in the heavy group, the fat pen had

significantly (P.c.01) higher last rib fat than all other pens except
for the US

pen.

These results are consistent with Ahlschwede and

Johnson (1983), Fredeen and "likami (1986) and Hetzer and Harvey (1967).
These three studies showed that lines selected for increased or decreased
backfat differed greatly from the control.

The difference in backfat

thickness between pigs slaughtered at 229 pounds and 255 pounds appears
to he greater in the fat pen as compared to all other pens in the studs'.
In the fat pen. carcasses from pigs slaughtered at 229 pounds had average
tenth rib fat of 1.19 and those slaughtered at 255 pounds averaged 1.44.
In contratA. there was only 0.04 of an inch difference in tenth rib fat
between the curability pigs slaughtered at 229 and 255 pounds (0.75 vs.
0.79).

A figure that has been used to adjust backfat to a constant

Table 2.

a
Least Squares Means and Standard Frrors for Performance and Carcass Traits, (Light Group).

Pen

1
Ideal

Trait
Carcass Weight
Carcass Length
Last Rib Fat
Tenth Rib Fat

Average Daily Gain

-5.20bc
+ .19
1.54a

Lean Gain Per Day
Feed Per Unit
of Gain*
Feed Per Unit
of lean Cain*

+ .07

6.16a
+ .17
bc
1.35

+
.03
_•_
.541b
+
+ .009
_
.58a
4

Percent Muscle

Cutability

rih(
167.10
169.33a
+1 .01
+1.11
10.76cd
10.574
+ .27
+
.30
•_
_
.90a
1.07b
+ .06
4 .06
- .75a
-1.00
.08

Loin Fy0 Area

2

+ .02
3.83
8.36

.03

a
.580
.008
.54a
.02
+
_
3.90
8.19

3
Light
Muscled
ab
168.40
+1.08
71.50abc
+ .29
-1.11b
+ .06
b
1.09
+ .08
cd
.4.77
+ .18
1.27c
+
- .03
.530b
+ An
.41
.02
+
3.83
9.06

4

5

6

7

Fat

US #1

US #2

US #3

abc
166.38
+1.10
1.0.56d
+ .29
-1.08b
+ .06
b
'1.19
+ .08
d
4.53
+ .18
).29b
+
- .03
.517b
+ .008
- .39b

165.23c
+1.06
-1.34bcd
+ .28
.90a
+ .06
- .78a
+ .07
-5.26b
+ .18
-'1.43b
+ .03
)L8eab
:16
:

1_6,71:42,73abc
32.32a
+
_ .33
1.03ab
+ .07
ab
.96
+ .09
-4.55d
+ .21
c
-1.31
+
_ .04
.5381,
+ .009

be
T:r2
-5166ab
+ .30
1:(0):ab
-117b
.4.:

.19
744.4d
....

.(5)7a

+ .02
4.01

:
. 2
3.78

10.87

8.04

--+
i211)
_ :if(
3.81
9.49

:
;
-Ii
3.58
9.59

a,
Jeans in a row which do not contain a common letter in the superscript are significantly different (P<.01) Duncan's Multiple Range Test.
*Raw, unadjusted averages. No statistical difference inferred.

+ .08
-6.34a
+ .20
1.52bc
+ .05
.585a
+ .009
a
.61
+ .03
3.90
8.19

8.36

188.74a
+1.13
72.41a
+ .28
.98a
+ .06
- .79a

ab
18799
+1.05
71.96a
+ .26
1.08a
+ .06
1.05bc
+ .08
5.701)
+ .19
-1.66a
+ .05
bc
.553 + .008
- .63a
4. .02
3.83

Cutability

2

9.06

189.27a
+1.06
72.35a
+ .26
1.11a
+ .06
1.10bc
+ .08
5.05c
+ .19
ab
65
+ .05
c
.541
+ .009
a
.62
4. .02
3.83

3
Light
Muscled

10.87

-4.40d
+ .18
abc
1.54
+
_ .05
99d
.4
+ .008
- .48b
+ .02
4.01

-4-1:1(1;d

ab
187.34
+ .99
71.79a
+
_ .24
1.29b+ .05

Tat

/4

8.04

-3.78

:
:22a

+ .08
b
5.74
+ .19
abc
1.58
+ .05
ab
.566
+ .009

ab
187.58
+1.05
72.12a
+ .26
.99a
+ .06
.91ab

ITS *1

5

9.49

+ T2
3.81

bc
5.39
+ .19
c
1.45
+ .05
bc
.545
+ .00?

-.4.1::be

ab
187.03
+1.08
72.35a
+ .27
1.10a
+ .06

US *2

6

9.)9

+
_ T2
3.58

+ .08

5.18c
+ .19
- 52be
1.
+ .05
c
.533
+ .00?

±1 : ab
+
.06
_
1.18c

185.2711
+1.05
72.024

US *3

aMeans in a row which do not contain a common letter in the superscript are significantly different (P<.01) Duncan's Multiply Range Test.
*Raw, unadjusted averages. No statistical difference inferred.

Feed Per Unit
of Gain*
Feed Per Unit
of Lean Gain*

Lean Gain Per Dav

Percent Muscle

Average Dailv (;ain

Loin Eye Area

Tenth Rib Fat

Last Rib Fat

Carcass Length

Carcass Weight

ideal

1

Pen

Least Squares Means and Standard Errors for Performance and Carcass Traits, (Heavy Group).a

Trait

Table 3.

.4)

weight basis is .004 inches per pound.

Pigs in the fat pen had a

difference of .009 inches per pound.
These results indicate that when fat hogs are taken to heavier
weights, carcass backfat will increase more rapidly.

These data suggest

that from a normal growth curve standpoint, fat hogs appear to mature
earlier than other phenotypes of hogs.

This conclusion is in partial

agreement with Carr et al. (1978), Flson et al. (1963) and Richmond and
Berg (1971).

These studies concerned growth and development of muscle

and fat in pork carcasses.

In all three studies, there is a point at

which the fattening rate surpasses muscle growth.
in individualanimals.

This point differs

It appears that the accelerated fattening rate

comes sooner in fat phenotypes as compared to others.

In the future,

packers may pay a premium to producers who sell leaner hogs.

If packers

set their desired market weight nigh, producers who raise fat hogs will
suffer a major deduction in price.

Loin Fye Area
The least squares means and standard errors for loin eye area are
found in Tables 2 and 3.
PV0

The outabilitv pen had larger (P<.01) loin

area measurements at both weights compared to all pens in the study.

In the heavier group, the fat pen had significantly (1)‹.0P lower loin
eve area measurements than all other pens in the study.

The difference

in loin eye area between the light and heavy group varied among pens
with the smallest difference being in the fat and cutability pens.

With

the exception of the fat and cutability pens, the loin eye area difference
between the heavy and light group was quite consistent with the .013
square inches per pound adjustment recommended by the NSIF.

This is in

agreement with Carr et al. (1978) who showed muscle growth to increase
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with increasing weight.

The least squares mean for loin eye area in the

fat pen was lower for the heavy group than the light group.

This shows

that in the fat pen, the heavier muscled hogs in the lighter group grew
slower than the lighter muscled hogs in the heavier group. These results
suggest that an increase in muscle volume may bring a response of
decreased performance.

As heavier weights were achieved, it appeared

that the fattening rate surpassed the muscle growth rate for the fat
pen.

A study performed by Richmond and Berg (1971), showed that past

the point of maximum growth, the fattening rate surpasses muscle growth
in absolute amount.

These results for the fat pen solidify the premise

stated earlier that fat hogs have an earlier maturity pattern than other
phenotypes in relation to the typical growth curve.

Percent Muscle
The least squares means and standard errors for percent muscle are
found in Tables 2 and 3.

In both the light and heavy groups the cuta-

bility pen had the highest 7, muscle except for the US #1 pen.

The US #1

pen excelled (P <01) both the VS #2 and US :t3 pens for percent muscle
in the light group.

In the heavy group, the fat pen had significantly

(P<.01) lower percent muscle than all other pens in the study.

This is

consistent with the study of Kauffman et al. (1973) who found that nonmuscular hogs had significantly (P<.01) more ether extract lipids and
less fat-free muscle than muscular hogs.

In comparing percent muscle

for pigs slaughtered at lighter and heavier weights in the fat pen,
percent muscle was lower for carcasses from the heavier group.

These

results further the conclusion that fat hogs appear unable to proceed
to heavier weights and maintain their level of carcass composition.

Lean Gain Per Day on Test
The least squares means and standard errors are shown in Tables 2
and 3.

This trait provides the most startling evidence for comparisons

of the different phenotypes.
and VS

In both cases, the ideal, cutabilitv,

pens were significantly (P<.01) higher than all other pens in

the study except the light muscled pigs that were slaughtered at heavier
weights.

At the heavier slaughter weight, the light muscled pigs showed

no significant difference (P<.05) when compared to ideal, cutability
and US :1 pens.

An explanation for this could be that some pigs with

average or above average muscling fail to exhibit evidence of muscling
at the feeder pig stage if the pigs have not received proper nutrition
and care up to that weight.

Many of the light muscled pigs appeared to

be relatively large framed--probably largest of all the phenotypes.

This

added frame size may have influenced their growth pattern, allowing these
hogs to continue growing faster and remaining leaner as they reached
heavier weights.

However, the major point to be addressed is that

ideal, cutahilitv, and US :1 hogs grow more lean tissue per day than
other phenotypes.

This may become extremely important if the packers in

the United States move toward a system of buying hogs on the basis of
carcass cutabilitv.

The results for lean gain per day on test are in

agreement with Ahlschwede and Johnson (1983) and Krehbial et al. (1971).
These studies showed that lines selected for an index of growth and
backfat exceeded control lines for lean growth.

Feed Per Unit of Cain - Feed Per [nit of Lean Gain
The averages for feed per unit of gain and feed per unit of lean
gain are shown in Tables 2 and 3.
raw. unadjusted data.

The data concerning these traits are

Because these data are on a pen basis, no least

squares analysis was performed.
interesting conclusions.

Despite this, these data suggest some

In comparing the figures for feed per unit of

gain (F/G) and feed per unit of lean gain (F/LG) it is worth noting
that
there is little difference between pens for FiG.
discernible differences between pens for F/LG.

However, there are

The three pens selected

for cutability, ideal, cutability and US #1 had the lowest average
values
for F/LG as compared to all other pens in the study.

In comparing the

different pens for F/LG, the fat pen required around 2.5 pounds
more
feed per unit of lean gain than the ideal, cutabilitv, and
VS #1 pens.
This result is in general agreement with Ahlschwede and Johnson (1983)
and Bereskin and Davey (1976), who found select lines to
exceed control
for efficiency of lean gain.

It is also interesting to note that the

US #1 pen required around 1.5 pounds less feed per
unit of lean gain
than the IS #2 and US #3 pens.

Differences in F/G and F/LG show that

F/G was not a good indicator of the hogs which could
more efficiently
convert feed into actual muscle tissue.

From the F/G data in this

study, there appears to be little or no incentive for swine producer
s to
have major concern for producing the desirable phenotyp
es--unless the
producer is able to market hi-; hogs on a carcass merit basis.

If in the

future hog producers are paid a premium for leaner hogs, feed
per unit
of lean gain should replace feed per unit of gain
as a selection
criterion.

If a carcass merit marketing system becomes reality, fat

hogs will become very unprofitable.

Coefficients of Correlation
The coefficients of correlation for performance and carcass
traits
are found in Tables 4 and 5.

Among the more interesting correlations

is tenth rib fat and its relationship to loin eve
area.

The coefficients

Table 4.

Coefficients of Correlation, (Light Group).

(1)
Carcass
Weight

(2)
Carcass
Length

(3)
Last Rib
Fat

(4)
Tenth Rib
Fat

(5)
Loin Eye
Area

(6)
ADC

(8)

.088

.343

- .377

- .400

.264

.743

(7)

- .019

.394

- .664

- .964

.638

- .241

(6)

- .154

.069

.006

.214

- .182

(5)

.156

.031

- .159

- .414

(4)

.131

- .452

.739

(3)

.209

- .414

(2)

- .033

(1)

1.00

(7)
Percent
Muscle
.419

(8)
Lean
Gain
1.00

1.00

1.00

1.00

1.00

1.00

1.00

.r.05=.232, r.01=.302

N.4

Table 5.

Coefficients of Correlation, (Heavy Group).

(1)
Carcass
Weight

(2)
Carcass
Length

(3)
Last Rib
Fat

(4)
Tenth Rib
Fat

(5)
Loin Eye
Area

(6)
ADG

(8)

.705

.196

.012

- .046

.123

.816

(7)

.133

.117

- .559

- .966

.633

- .467

(6)

- .081

.107

.278

.473

- .225

(5)

.098

- .138

- .115

- .418

(4)

- .071

- .178

.679

(3)

.199

- .278

(2)

.083

1.00

(1)

1.00

*r.05=.232, r.01=.307

1.00

1.00

1.00

1.00

(7)
Percent
Muscle
.082
1.00

(8)
Lean
Gain
1.00
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of correlation for tenth rib fat and loin eye area in the light and
heavy groups were -.414 and -.418, respectively.

These results are

consistent with the findings of Adams et al. (1972), Arganosa et al.
(1969), Bereskin and Davey (1976), Bowman et al. (1962), Doornenbal et al.
(1962) and Topel et al. (1965).

These negative correlations are desir-

able and suggest the potential for making simultaneous progress for
both traits in a breeding program.
The coefficients of correlation for last rib fat and percent muscle
in the light and heavy groups were -.664 and -.559, respectively.

These

negative correlations and the consistency with which the last rib fat
thickness can be measured suggests that last rib fat may be used as an
excellent indicator of total carcass lean.

This is in general agreement

with Arganosa et al. (1969), Adams et al. (1972). Diestre and Kempster
(1985). Cross et al. (1970) and Pearson et al. (1970).
Coefficients of correlation between last rib and tenth rib fat in
the light and heavy groups were .739 and .679, respectively.

These data

indicate that backfat thickness at both locations increases or decreases
almost simultaneously.

It also appears that an inference made toward

either backfat measurement could be applied to the other.

Studies by

Edwards et al. (1980). Fahey et al. (1977) and Smith and Carpenter (1973)
have concluded that tenth rib fat thickness is a good indicator of total
carcass fat and lean.

The correlations from this study would suggest that

last rib fat thickness also could be included as a good predictor of
carcass composition.
The coefficients of correlation between last rib and tenth rib fat
and average daily gain in the light group were .00b and .214.

The cor-

relations for the same traits in the heavy group were significant (P<.05),
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.278 and .473.

The positive correlations between last and tenth rib fat

and average daily gain are consistent with liereskin and Davey (1976),
Biswas et al. (1966). Rahnefeld et al. (1983) and Roy et al. (1968).
The higher positive correlations in the heavy group for the two fat
measurements and average daily gain imply that selection for backfat
and performance in breeding programs should occur at heavier weights.
In boar testing stations, boars are tested to 230 pounds.

These results

suggest that boars should be tested to heavier weights to more accurately
predict their ability to pass their individual performance and carcass
traits on to their offspring.

The coefficients of correlation between

average daily gain and percent muscle in the light and heavy groups were
-.241 and -.467, respectively.

The negative association between these

traits is in general agreement with Biswas et al. (1968) and Cuthbertson
and Pease (1968).

These results suggest that when performance traits

are emphasized by swine producers, carcass leanness may be sacrificed.
It appears essential for swine producers to emphasize leanness as well as
performance in their breeding programs.

This will become especially true

if the hog marketing system changes to one based on carcass merit.
A study performed by Ahlschwede and Johnson (1983) showed that selection
for an index of growth and hack at over five generations resulted in a
response of .2 inches less backfat and .15 more pounds per day as
compared to the control line.

In addition, the select line exhibited

an advantage of nearly 207,: over the control line when feed efficiency
was expressed as pounds of feed required per pound of lean produced.
It is interesting to note that the correlations involving carcass
backfat, percent muscle and average daily gain were greater at 255
pounds as compared to 229 pounds.

This could be explained by studies

of Carr et al. (1978). Flson et al. (1963) and Richmond and Berg (1971).

.)8

All these studies indicate that the rate of fattening becomes faster at
heavier weights.

Fat deposition increases at an increasing rate while

muscle growth increases at a progressively decreasing rate.

•

Summary

The purpose of this study was to compare four phenotypes and three
USDA grades of hogs.

For performance and carcass traits ideal hogs grew

significantly (P<.01) faster than cutability hogs.

The major difference

between these two phenotypes were feet and leg soundness and body capacity.
It would appear that these two phenotypic traits are a major influence
on growth, particularly in a total confinement environment.

Fat pheno-

types had significantly (P<.01) higher last rib and tenth rib fat as compared to all other pens when taken to the heavier slaughter weight.
Furthermore, the rate of increase in these two traits from 229 pounds to
255 pounds was greater in the fat hogs as compared to other pens in the
study.

These results suggest that fat hogs have an earlier maturity

pattern than other phenotypes.

It would appear that fat hogs cannot

be taken to heavier weights should the market demand it.
The cutability hogs had significantly (P<.01) higher least squares
means for loin eve area and percent muscle in the heavy and light groups.
These data combined with the low backfat measurements show the superiority
of the cutability phenotype for carcass merit.

The Duncan's Multiple Range

test for lean gain per day on test showed ideal, cutability and US
phenotypes to have significantly (P<.01) higher lean growth as compared
to all other pens with the exception of the light muscled pen taken to the
heavier slaughter weight.

Although swine producers are more conscious of

average daily gain rather than lean growth, their attitudes may change if
packers begin to pay a premium for leanness.

If swine producers should

become more interested in lean growth the ideal, cutabilitv and IS :1
)C)
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groups appear to be excellent for that trait.
pen averages for feed per unit of gain (F/G
difference.

The raw and unadjusted
between pens showed little

However, when feed per unit of lean gain (F/LC) was calcu-

lated some interesting differences appeared.

Upon evaluating the values

for F/IG, the fat pen required around 2.5 pounds more feed per unit of
lean gain as compared to ideal, cutability and ITS :=1. pens.

The US

pen required around 1.5 pounds less feed per unit of lean gain than
US it2 and US -;,1.3 pens.

These results suggest that F/LG is perhaps a more

sensitive measure of efficiency of growth than FIG.

However, until market

hog buyers begin to pay producers for marketing leaner hogs, F/G will
continue to be of more value to producers.
Coefficients of correlation showed a negative association between
tenth rib fat and loin eve area.

The correlations were high enough to

suggest the potential for simultaneous progress in both traits.

Similarly,

last rib fat had a high negative association with percent muscle.

These

results indicate that last rib fat is a useful predictor of carcass muscle.
Positive correlations were found between average daily gain and both
backfat measurements, while average daily gain was negatively associated
with percent muscle.

These results suggest that when performance is

used as a major selection criteria, carcass composition may he sacrificed.
It is vitally important for producers to stress leanness and carcass
cutabilitv along with performance in their selection programs.

The

associations between performance and carcass traits were higher for the
255-pound group.

This suggests that the fattening rate is greater as

weight becomes heavier.

It also appears that the fattening rate exceeds

muscle growth as weight increases.
In conclusion, the outstanding performance phenotypc appears to be
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the ideal pen.

The high carcass cutability phenotypes were the cutability

and PS :ipens.

The phenotype which was the fattest, lightest muscled

and the most inefficient at converting feed into live gain and lean gain
was the fat pen.
•

If market hog buying schemes move toward loaner hogs,

the fat pigs will become much less profitable to swine producers.
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